Introduction
There are strong links between tobacco use and heavy episodic drinking (HED; 4+ drinks for women, 5+ drinks for men in a single episode) [1] . Treating tobacco use and HED simultaneously can lead to better tobacco cessation outcomes than targeting each substance separately. For example, addressing alcohol use during tobacco quit line counseling resulted in significantly greater tobacco abstinence at 7-month follow-up (13.5%) compared to tobacco counseling alone (10.3%) [2] . In young adults, an integrated tobacco/alcohol treatment was acceptable and resulted in more participants biochemically confirmed abstinent from tobacco at 3 months compared to standard tobacco treatment (but no differences in drinking outcomes) [3] . In a follow-up trial, young adults who received integrated intervention were more likely to have biochemically confirmed abstinence from tobacco, consumed fewer drinks and had fewer HED episodes per month at 6 months than those who received standard treatment [4] .
Extending an intervention that addresses both smoking and HED to a digital environment could maximize reach and utility. A trial testing the effectiveness of a 14-day mobile feedback intervention jointly targeting smoking and HED resulted in a decrease in the number of cigarettes smoked compared to a minimal assessment control condition, but did not reduce HED or concurrent smoking and drinking at 1 month follow-up [5] . Given the ongoing, significant public health impact of alcohol and tobacco use, more research is needed to determine how best to harness digital tools to target smoking and HED in young adults.
Facebook, the most popular social media platform, is used by 88% of US adults aged 18 to 29, 79% of whom access it daily [6] . Reports of smoking cessation support groups on Facebook have shown the platform to be useful for sharing experiences and providing encouragement and information [7] and with engaging young adults around tobacco prevention [8] . Quit rates, reported as 7-day abstinence, with Facebook interventions were 25% at two weeks in a pilot feasibility study of adults motivated to quit smoking [N = 15; [9] ] and 47% at 3 months in a trial including web and Facebook components for young adults ready to quit smoking [N = 102; [10] ]. While these findings are encouraging, there is a need to further investigate social media to promote tobacco use and HED reduction, especially among those not yet ready to quit smoking.
Our research group has developed the Tobacco Status Project (TSP), an intervention tailored to readiness to quit smoking with young adult smokers showing strong participant engagement and promising initial smoking quit rates [11] . In a randomized controlled trial (N = 225), we will test TSP against a modified version targeting both tobacco and alcohol (TSP + ALC). The primary outcome will be biochemically-verified 7-day point prevalence abstinence, and secondary outcomes will include days of HED, sum of days using either tobacco or alcohol in the past 30 days, dependence symptoms, quit attempts, motivation, and thoughts about abstinence. Given the high rates of tobacco use and HED in young adults and the extent of social media use in the population, results are expected to provide an evidence-base from which to disseminate broadly effective low-cost interventions.
Methods

Study design
This study is a randomized controlled trial (RCT) with 225 adults aged 18 to 25 recruited through social media (Fig. 1 ). Participants will be randomized to one of two conditions: (1) the Tobacco Status Project motivationally-tailored smoking cessation intervention delivered through Facebook (TSP); or (2) the Tobacco Status Project + Alcohol (TSP + ALC) intervention tailored to address tobacco use and HED. Participants in both groups will be eligible to receive a 14-day start pack of nicotine patch and a monetary incentive for engagement in their assigned intervention. We will compare TSP + ALC to TSP participants on biochemically-verified 7-day point prevalence abstinence from tobacco (primary outcome), reported abstinence from tobacco, days of HED, sum of days using both tobacco and alcohol in the past 30 days, and dependence symptoms, quit attempts, motivation, and thoughts about abstinence for both substances (secondary outcomes) assessed at 3, 6, and 12 months follow-up. Additionally, through analysis of Facebook data, the project aims to determine patterns of engagement, correlates of active participation, types of posts that attract the most user activity (e.g., likes and comments), and the relationship between user activity and tobacco use and heavy drinking in each group.
Participants
Participants will be 225 adult men and women who: 1) read English; 2) are between 18 and 25 years of age; 3) indicate they use Facebook at least 3 days per week; 4) have smoked ≥100 cigarettes in their lifetime and currently smoke at least 1 cigarette per day on 4 or more days of the week; and 5) have had at least one HED episode (5+ for men, 4+ for women in a single drinking episode) in the past month. Exclusion criteria are non-English language proficiency or cognitive impairment.
Sample size and power analysis
Given limited prior research comparing two Facebook interventions, the sample size of N = 225 in this pilot trial was not driven by estimated effect sizes or hypothesis testing, but rather was set to compare groups on all outcomes and estimate expected quit rates useful for powering a larger trial. We expect to have representation (although not equal) among men and women, and across ethnic groups consistent with our prior and current trials [12] . We also expect to have representation across levels of smoking and drinking, and readiness to quit using each substance. We anticipate an attrition rate of 30% by 12 months, yielding a final sample size of 158 (79 in each group). Assuming a small effect size (odds ratio 1.5), five predictors in a logistic model testing our primary outcome (verified 7-day abstinence; see Analysis section), we will have 78% power to detect an effect. We expect to generate effect size estimates to inform a larger, fully-powered clinical trial.
Procedures
Participants will be recruited online primarily through social media advertisements using a design and targeting strategy employed successfully by our group with young adult smokers [13] . All advertisements will provide a link to the study's website, with eligibility questions. Eligible respondents will be invited to give informed consent with signature online. The informed consent process will include indication that participants understand risks of using the nicotine patch. Those consenting to participate in the study will be asked to verify age by sending proof (e.g., photo of their driver's license) through email or social media. Verified participants will be emailed a baseline assessment. Those completing the baseline assessment will be randomized to one of two intervention groups, stratified based on readiness to quit smoking (ready to quit in the next 30 days or not) and smoking pattern (daily vs. non-daily), variables known to be related to outcomes and addressed by the interventions [14] . All participants within each condition will then be assigned to a private Facebook group (either TSP or TSP + ALC) tailored to their readiness to quit tobacco. Groups will begin on a rolling basis, minimizing wait times (approximately 2 weeks maximum), and maximizing groups size (aiming for at least 12 participants enrolled per group based on our prior work; [15, 16] ) Groups will receive one social media post daily for 90 days and weekly "The Dr. Is In" interactive counseling sessions with a postdoctoral-level trainee managed through the study's private group pages. Study staff will check Facebook daily for messages from participants, address issues as they arise, and can facilitate an interaction with a counselor outside of weekly live sessions as necessary. To date, no participant has requested to interact with a counselor privately outside of weekly live sessions in our previous work. Three-, 6, and 12-month follow-up assessments will be emailed to participants upon completion of treatment.
Informed consent, baseline and 3-, 6-, and 12-month assessments will be delivered using the online survey program Qualtrics [17] . Verification of non-smoking status will be conducted for all participants reporting no smoking in the past 7 days at the post-test assessment using mailed saliva cotinine test kits. Participants will receive gift cards in the amount of $20 for each 20-30-minute online survey, and a bonus $20 for completing all assessments, for a total of $100 possible compensation for participation. Recruitment is anticipated to begin on December 1, 2017, and results are anticipated to be reported in early 2019. All study procedures have been approved by the University of California, San Francisco (UCSF) Institutional Review Board. The TSP is a smoking cessation intervention implemented entirely through private Facebook groups. The intervention has two main features. First, Facebook posts were designed to be delivered each day for 90 days to intervention groups on Facebook. Posts are based on the US Clinical Practice Guidelines for smoking cessation [18] , and the Transtheoretical Model (TTM) of behavior change [19] ,both of which indicate that treatment should be tailored to participants' readiness to quit (ready in the next 30 days, not ready in the next 30 days). For those not ready to quit in the next month, posts are based on the core TTM concepts of decisional balance and self-efficacy. Counseling strategies include the 5R's (relevance, risks, rewards, roadblocks, and repetition), shown to increase likelihood of tobacco quit attempts [20, 21] , and Motivational Interviewing (MI), a directive patient-centered counseling intervention recommended by the Clinical Practice Guidelines and complementary to TTM [18, 22] . Posts elicit participants' motivation and importance of changing tobacco use, problems associated with use, and use open-ended questions to elicit "change talk" (e.g., desire/ commitment to change). For those ready to quit in the next month, posts incorporate cognitive and behavioral coping skills found effective for long-term smoking [23] ,as well as the TTM processes of self-liberation (e.g., making a commitment to quit), stimulus control (e.g., removing smoking paraphernalia from the home), and counter conditioning (e.g., engaging in alternative behaviors). Posts also encourage setting a quit date and making a detailed quit plan. In both groups, additional posts focus on assessing use (e.g., dependence symptoms, previous quit attempts), learning about strategies to support quitting (e.g., medication), and awareness of the tobacco industry's efforts to target young adults through marketing. Posts include a combination of images, videos, and text designed to reflect the experience of young adults and all pose a question designed to elicit a response from participants (e.g., "What are your triggers to smoke?").
The intervention also incorporates weekly "The Dr. Is In" live sessions with a study counselor (using Facebook commenting features), during which the counselor provides some limited content for discussion and participants can ask questions and get supplemental support. The content for the "Dr. Is In" sessions is tailored to readiness to quit tobacco and is based on motivational interviewing and cognitive behavioral coping skills for smoking cessation. This strategy has been successful in yielding participation in interactive discussion, and setting of goals related to quitting tobacco [11] . As needed, referrals to more intensive treatment in participants' local area will be provided.
Tobacco Status Project + Alcohol (TSP + ALC)
The TSP + ALC intervention design was informed by the results from focus groups with the target population [24] and findings from evaluation of the existing TSP intervention. Content targeting HED is based on the NIAAA Guides Rethinking Drinking [25] and the Guide to Alcohol Screening and Brief Intervention for Youth [26] ,which recommends use of the 5A's to address alcohol use. Content is similar, although not identical, in both the ready to quit smoking and not ready to quit smoking groups, based on feedback from focus groups that most young adults who engage in HED were not ready to change their 
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Contemporary Clinical Trials 68 (2018) [52] [53] [54] [55] [56] [57] [58] [59] [60] alcohol use. Early posts include questions to assess alcohol use patterns and provide normative feedback about risks based on use. Recognizing that ambivalence is part of many young adults' experience with changing substance use behavior, early posts also incorporate MI strategies [22] . Later posts focus on combining MI with cognitive behavioral therapy (CBT) coping skills to empower participants to prepare for reduction or cessation of alcohol use, set a specific goal, and make a plan for achieving that goal. Core CBT skills include coping with cravings and urges to drink heavily, managing thoughts about alcohol use, problem-solving, drink refusal skills, and elective skills topics including planning for emergencies, recognizing seemingly irrelevant decisions, managing negative moods and demonstrating assertiveness. Some posts integrate smoking and drinking content (e.g., "If you tried to quit smoking in the past, did drinking get in the way? How?") TSP + ALC also includes weekly "The Dr. Is In" sessions. Strategies used in the sessions, as in TSP, are based primarily on MI and CBT skills with the goal here of changing both tobacco use and HED. Stimulus material for these sessions addresses use of both substances. Content is tailored to readiness to quit tobacco (Ready/Not Ready), while the alcohol content is largely focused on motivating people who are not ready to quit/change drinking.
Monetary incentive for intervention engagement
Analyses of our TSP feasibility trial showed that a monetary incentive increased engagement in the Facebook intervention among those who had some basic level of engagement (at least one Facebook comment) [15] . Thus, in this trial, comments to posts will be tallied weekly, tallies will be posted in groups for motivation, and participants who comment every day of the intervention (all 90 days) will be provided a $20 gift card at the end of the intervention period (3 months).
Nicotine replacement therapy (NRT)
We will provide 14-day starter packs of nicotine patch to participants regardless of intervention condition. Smokers receiving a 14-day starter pack showed more satisfaction with a telephone quitline and had higher 7-day quit rates compared to those not receiving patch [27] . All participants who smoke an average of 5 or more cigarettes per day in the past 30 days and who join the Facebook secret group before the study begins will be offered the nicotine patch. At the start of the trial, all participants for whom it is not contraindicated (e.g., pregnant, nursing, recent cardiovascular trauma, uncontrolled hypertension) will be offered, through the mail, a two-week supply of nicotine patch based on smoking rate at intake. Participants in both conditions will be encouraged to discuss nicotine replacement therapy use and to ask questions during weekly counseling sessions. Those not willing to receive the patch at the start of the intervention period can be sent the patch at any time during the three-month intervention if they become interested.
Measures
As this trial is meant to determine the ideal measures for a larger trial we have included multiple measures of substance use and other similar constructs (e.g., thoughts about tobacco and alcohol abstinence) and plan to examine psychometric properties at the end of the trial.
Primary outcome (tobacco)
The primary outcome is biochemically-verified 7-day point prevalence abstinence from all tobacco products at 3, 6, and 12 months. Those reporting no smoking in the past 7 days will be mailed a saliva cotinine test kit and will be asked to provide two pictures: one of the participant giving a saliva sample, and another of the test result. Participants with a salivary cotinine level < 11 ng/ml, indicating nonsmoking [28] ,will be considered confirmed nonsmokers.
Biochemical verification is recommended in randomized trials with sample sizes under 500 [29] . Saliva cotinine test kits have been successfully mailed to participants in previous studies [30] , and the research team has used this method previously [11, 12] . If participants indicate use of an electronic nicotine delivery-system to aid in smoking cessation, saliva cotinine and reported use of that product will be recorded and reported separately from biochemically verified abstinence.
Secondary outcomes (tobacco)
Days of smoking and cigarettes smoked per day will be assessed with the Timeline Followback (TLFB), which has good reliability and validity when administered online [31, 32] . For validation, single items will assess number of cigarettes smoked in the past 24 h and 7 days, the average cigarettes per day in four categories ("10 or less" to "31 or more"), and average cigarettes smoked per day in the past month. These measures will be used to calculate 7-day reported abstinence from smoking (y/n) and reduction of cigarette consumption by 50% or more between baseline and each follow-up (y/n). The number of 24 h quit attempts since the last assessment will be used to calculate presence of at least one quit attempt in the assessment time period. The Pro-Change Health Risk Assessment [HRI; [33] ] will assess readiness to quit smoking by categorizing participants into Transtheoretical Model stage of change categories at each time point (precontemplation, contemplation, preparation, action, and maintenance; [19] ), predictive of quit attempts and cessation [34] . Desire to quit smoking, abstinence selfefficacy, perceived difficulty of quitting, and abstinence goal will be assessed with the 4-item Thoughts About Abstinence Form [35] ,measuring each construct on a scale from 1 ("least") to 10 ("most"), and categorizing goals as no goal, intermediary goal (e.g., reduced smoking), or total abstinence. At 12 months, the 6-item Fagerström Test of Cigarette Dependence (FTCD) [36, 37] will assess nicotine dependence (Table 1) .
Secondary outcomes (alcohol)
Past 30 day HED episodes, defined as 4+ drinks in an occasion for women and 5+ drinks for men, [38] will be assessed with the (TLFB), and validated with a single item assessing number of days of HED. Two items will assess the number of active attempts to cut down or quit drinking and longest period of remaining alcohol free since the last assessment. Current readiness to change alcohol use will be assessed with a single-item Readiness Ruler, scored on a Likert scale from 1 ("I never think about drinking less") to 4 ("I am already trying to cut down on my drinking") developed and validated for use with young adult heavy drinkers participating in brief interventions [39] . The alcohol item from the Staging Health Risk Assessment [33] will assess current drinking in accordance with NIAAA low-risk guidelines (≤14 drinks per week and no > 4 drinks in an occasion for men; (≤7 drinks per week and no > 3 drinks in an occasion for women), and, will categorize participants within stage of change to reduce drinking to low-risk guidelines to be consistent with the tobacco measure. Thoughts about cutting down or stopping alcohol use will include desire to quit drinking, importance and confidence rulers measuring each construct on a scale from 1 ("least") to 10 ("most") [39, 40] , and long-term goals for drinking in six categories from "I have no goals" to "Abstain". At the 12 month assessment, the Alcohol Use Disorders Identification Test-C (AUDIT-C; 3-items; range: 0-12) will assess misuse of alcohol in the past year [41] . Used widely in the literature, cut-off scores of 3 in women and 4 in men have demonstrated good sensitivity and specificity compared to longer clinical interviews [42] .
Secondary outcomes (tobacco and alcohol)
TLFB data will be used to calculate the sum and proportion of any using days reporting both tobacco and any alcohol, as well as HED in the past month. A single item will assess whether the last drinking episode also included cigarette smoking (y/n).
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Contemporary Clinical Trials 68 (2018) 52-60 2.8.5. Feasibility measures Advertising statistics available online through Facebook will be used to track costs and recruitment over time at each study stage (e.g., study interest, meeting criteria, signing consent, randomized). Retention will be evaluated by the proportion of participants that completes the 3-, 6-, and 12-month assessments. Engagement will be measured by the total number of Facebook "likes" and comments, summed by participant and by post/counseling session. Implementation of biochemical verification of tobacco abstinence: will be measured by the proportion of participants in each condition reporting 7-day abstinence at 3-month follow-up that completes a saliva cotinine test and the rate of discordance between saliva cotinine results and self-report.
Usability
A usability measure, adapted from our previous research [11] ,will assess ease of use, comprehension, helpfulness, and likability of the TSP and TSP + ALC interventions at 3 months, combining both quantitative responses (8 items assessing usability, likability, perceived helpfulness, with responses on Likert scale from "Strongly agree" to "Strongly disagree"), and qualitative responses (e.g., open-ended questions assessing most and least liked features of the intervention).
Additional measures 2.9.1. Demographics
Age, gender, ethnicity, sexual identity, parental and personal education/income, work/school status, and military involvement, will be assessed at baseline with a Demographic Questionnaire used in our prior research with young adults [43] .
Smoking history
At baseline we will assess age of initiation and years of smoking; prior quit attempts and cessation strategies; other nicotine (e.g., electronic nicotine delivery systems) and tobacco use (e.g., cigars) [44] ; nicotine dependence using the FTCD, and social smoking with 3-items used with young adults [45, 46] .
Alcohol use history
At baseline we will assess age of first drink and first heavy drinking episode, prior attempts to change HED, and any change/cessation strategies used.
Combined alcohol and tobacco use
Two items assessing subjective effects of smoking while drinking (estimated proportion of smoking episodes occurring under the influence of alcohol and pleasure from smoking under the influence of [52] [53] [54] [55] [56] [57] [58] [59] [60] alcohol), based on [47] , and used in our prior work [48] will be given at baseline and all follow-up timepoints.
Drug use severity
At baseline and 12 months, the Drug Abuse Screening Test-10 (DAST; 10 items) [49] ,will assess problems associated with illicit drug use and misuse of prescription drugs in the past year. Used widely in the literature, a cut-off score of 2 has demonstrated good sensitivity and specificity in identifying substance use disorders compared to longer clinical interviews [50] .
Other health risk behaviors
The 34-item Staging Health Risk Assessment [33] will screen and assesses readiness to change for 9 health risk behaviors in addition to tobacco and alcohol (mentioned above), including illicit drug use, poor sleep quality, sedentary behavior, poor diet (high fat, low fruit and vegetable intake), poor stress management, depression, risky driving, and high-risk sexual behavior. The stage of change categories have strong predictive validity for reducing health risk behaviors over 24 months [51] .
Intervention engagement
Facebook data will be extracted from the private groups we develop on Facebook using the Facebook API. These data will include the content of the posts and comments, the activity of each participant (e.g., number, content, and time of all comments), and interactions among participants.
Data analysis 2.10.1. Feasibility
Feasibility analyses will examine four areas: 1) Recruitment Efforts: length of time to recruit and enroll 225 participants in the pilot trial; and demographic, smoking, and drinking characteristics of those eligible and who enroll; (2) Usability: mean responses to Likert scale items of the usability measure, with any sections with lower than median values indicating changes should be made before future investigations take place; (3) Implementation of biochemical verification of tobacco abstinence and (4) Attrition: We will compare attrition rates to previous Internet smoking cessation trials (e.g., [52, 53] ).
Preliminary efficacy
To test for the effects of treatment condition on smoking abstinence at 3 through 12 months, we will estimate and test a generalized estimating equation (GEE) (PROC GENMOD in SAS version 9.4; SAS Institute, Cary, NC). This model account for dependence of responses within individuals attributable to repeated measures. Abstinence status will be examined as 7-day point prevalence at each of the assessment points. Time, in the form of the month of assessment, will be included in the model as a random effect and the test of the treatment condition by time interaction will directly test the preliminary efficacy of the intervention. The independent variables to be included for the purposed of covariate adjustment are based on the known relationships of the variables to smoking behavior. They include TSP versus TSP + ALC, plus variables that are related to abstinence (e.g., stage of change, cigarettes per day at baseline), differ by condition at baseline, or predict attrition.
The GEE procedure allows for the derivation of effect estimates from all available data using maximum likelihood estimation. Prior to analysis we will examine the data to see if there is any evidence that the missing data are not missing at random. This will be accomplished by comparing measures from those who completed the protocol against those who did not.
Parallel methods of modeling the secondary measures will be used by selecting the appropriate link and distribution function for each outcome. Days of smoking, number of cigarettes smoked and the drinking measures will be modeled as count variables. The presence of a quit attempt and any other dichotomous measures will be modeled as binary variables.
Secondary outcomes
For secondary outcomes we will estimate and test mixed effects logistic and multinomial regression models for longitudinal ordinal response data to model secondary outcomes for tobacco use and alcohol use across time (3, 6, 12 months): 1) reduction of cigarettes by 50% or more (y/n), 2) tobacco or alcohol quit attempt (y/n; 2 models), 3) readiness to quit tobacco and alcohol (precontemplation, contemplation, preparation, action/maintenance; 2 models); and 4) commitment to abstinence (no goal, intermediary goal, complete abstinence). In parallel, mixed effects linear regression analyses will model continuous outcomes over time. Independent variables in all models will be treatment condition, abstinence status, and covariates identified as relevant to smoking characteristics in the literature.
Engagement and patterns of social interaction
We will determine patterns of engagement, type of posts that are most "engaging" to participants, and relate engagement to smoking and drinking outcomes using three main analyses: (1) Patterns of engagement: Total number of "likes" and comments to Facebook groups over the 3 month intervention period will be tallied for each group (TSP, TSP + ALC), and the non-parametric Kruskal-Wallis ANOVA will compare likes and comments in each intervention and include covariates of baseline characteristics (readiness to quit tobacco/alcohol, daily/nondaily smoking status, gender) and group membership; a social network analysis will examine the interaction patterns among different types of users with which participants engage in each intervention; a content analysis will evaluate the content of comments within each group and observe differences among the two groups; (2) Success of specific posts: During the intervention design phase, posts were been coded based on content (e.g., US Public Health Service/NIAAA Guidelines, Motivational Interviewing, 5Rs, CBT skills, TTM processes of change) and, in the TSP + ALC intervention, by substance (alcohol, tobacco, both). ANOVA will then be used to examine likes and comments by post type within each group (TSP, TSP + ALC); (3) Engagement and outcomes: We will compare TSP and TSP + ALC groups on the relationship between intervention engagement (Facebook comments) and primary tobacco and alcohol outcomes (abstinence, heavy episodic drinking days) at the end of the 3-month intervention period. Logistic regression will be used to analyze tobacco abstinence, and linear regression for days of HED at 3 months, controlling for any baseline differences in treatment groups. Kruskal-Wallis tests will evaluate the effect of incentive condition (personal, altruistic, no incentive) on comments to the Facebook group, in both the full sample and only those who made at least one comment to the group to address the likely preponderance of zero values for those who do not comment at all.
Discussion
Given the extent to which young adults combine tobacco use and HED, and the relative lack of treatments available that address both health risk behaviors using digital tools or social media, this study is expected to expand the knowledge base regarding how best to design and implement social media interventions targeting polysubstance use. Use of both cigarettes and alcohol is extremely common among young people [47, [54] [55] [56] , associated with greater likelihood of a dependence diagnosis for either substance in adulthood [57, 58] ,and increases the risk for certain cancers (e.g., mouth, throat, esophagus, upper aerodigestive tract) [59] [60] [61] . Further, co-use makes it more difficult to quit either substance [62] [63] [64] [65] [66] . Given the public health threat caused by combined tobacco use and HED among young adults, engaging and effective interventions targeting both substances are greatly needed.
Addressing tobacco and other substance use simultaneously can [52] [53] [54] [55] [56] [57] [58] [59] [60] lead to better outcomes than addressing each substance separately. Smoking cessation interventions delivered in the context of alcohol or drug treatment do not impede recovery [67] ,and may actually reduce alcohol and other substance use by adults [68] as well as teens [69] .
Smoking cessation is associated with better long-term alcohol and drug treatment outcomes [70] . School-based prevention interventions such as those based on the TTM [71] and Project Toward No Drug Abuse [72] have demonstrated that targeting multiple substances simultaneously can have positive outcomes. An understudied area related to combined tobacco use and HED intervention is how to best design and disseminate secondary prevention interventions for maximum engagement among the potentially hard-to-reach population of young adults who exhibit both health risk behaviors.
Extending an integrated intervention to a digital environment could maximize reach and utility for young adults. Our previous work has examined Facebook as a tool to recruit young adult smokers [13, 73] and engage them in smoking cessation intervention [16] ,and has shown that a Facebook-based intervention can yield smoking cessation rates as high as those of other online interventions [11] . Yet quit rates can be substantially improved in order to maximize potential public health benefits. Further, no intervention on Facebook has addressed multiple substance use, and formative work (focus groups, usability-testing) is needed to ensure that an integrated intervention will be received well by the target population.
A key question related to both the design of an intervention targeting two substances, as well as the delivery in a social media context, is related to how exactly content will address both alcohol and tobacco. To address this question, our group conducted focus groups to address how these substances are combined in the target populations, and how young adults feel about the use and changing each substance. This work supported design of an intervention that included some social media posts that addressed one substance only, some that address both substances (e.g., "What do you think is the relationship between tobacco and alcohol"), and some posts that addressed the combining of the two substances (e.g., "Parties can be a big trigger for smoking and drinking. Is this true for you? How do you think that is?"). A key goal of usabilitytesting of this type of intervention can (and should) include analysis of which type of posts are the most engaging (e.g., get the most likes or comments), and which have the best feedback from participants. Social media data are well-suited to this type of analysis, and usability-testing allows for refinement of intervention content by substance as well as other features that may be related to engagement (image/text).
Design considerations required us to make choices between multiple options in developing the intervention and randomized trial. First, we chose to implement the interventions in both arms of the study through Facebook rather than through another social media platform. Facebook remains by far the most widely used form of social media by young adults in the United States compared to Twitter, Pinterest, LinkedIn, and Instagram; 76% of online young adults used Facebook daily in 2016 [74] ,up from 70% in 2015. Given that social media is increasingly accessed via mobile technology, and its use among those online does not differ by income, it is a particularly good option to deliver interventions to diverse groups of young adults who smoke and exhibit hazardous drinking throughout the US.
Second, in this pilot trial, we chose to compare TSP + ALC to TSP targeting only tobacco, instead of using a less active control condition (e.g., treatment as usual). We are currently conducting a trial comparing TSP to a website referral control, with promising initial results [12] . This trial is testing an active control (TSP) that addresses tobacco alone to determine whether an intervention combining both substances (TSP + ALC) might result in better smoking cessation outcomes than treating tobacco alone. If TSP + ALC results in better tobacco or alcohol outcomes than TSP, we plan to conduct an additional study to test TSP + ALC on tobacco and alcohol outcomes against a control condition that more closely approximates standard treatment (e.g., a website referral).
In the study design, we also carefully considered how best to protect the privacy of participants. Privacy is an important consideration in any intervention administered through social media. Social media, by nature, is a public forum for interaction, and there is potential for unintended sharing of information. In this trial, all intervention components will be administered entirely through private groups that will not be visible beyond the participants in the groups. It is possible that participants who are placed in a group together may know each other outside of the social media context, and this will not be prevented to maximize external validity of the project and for ease of dissemination. Any participants wishing to be placed in a group separate from someone in their real life social networks will be honored at the group assignment process. Participants will be given detailed information about the intervention in the consent process, including notice that all groups are private, and that all information reported in groups will be visible only to those invited to participate in the groups. The exchange of substance use is increasingly being conducted through social media [75] , and there is great potential to use this space to help people make positive life changes with the support of an intimate support network. Yet research conducted on this platform must take appropriate steps to maximize privacy.
The study methods do have some limitations. First, while there is near saturation of Internet use among young adults, not all young adults who drink or use tobacco actively use Facebook. Although widely used, Facebook may not remain the most viable social media tool to reach young people for health behavior change. Further, attrition in Internet smoking cessation trials can be high (up to 75% for online intervention studies) [52, 53, [76] [77] [78] ,however the drop-out rate in the TSP feasibility study was only 16% at 6 months. We chose a sample size that would allow us to examine differences on the primary and secondary outcomes given expected control variables, assuming attrition of 30%. The trial is not powered to detect effects on secondary outcomes, and a larger trial will likely need to be conducted to determine the most effective way to intervene through social media on tobacco use and HED.
Results are designed to inform best practices for digital-delivery of intervention for smoking cessation among those who also exhibit HED. Our primary outcome is smoking cessation, yet we proposed to measure drinking outcomes and expect greater reduced drinking in those receiving TSP + ALC compared to those receiving TSP. Should the results fail to show differences on drinking outcomes between groups, we will look to engagement and usability (e.g, liability, perceived helpfulness), to inform our interpretation of the results. Subsequent studies will be directly informed by outcomes for both smoking and HED.
To our knowledge this is the first trial to test the efficacy of implementing a Facebook-delivered intervention targeting smoking and heavy drinking among young adults. Particularly novel components of this trial include the delivery of substance use treatment over social media, the application of a social media intervention to multiple substances (tobacco and alcohol), and the testing of an intervention tailored to readiness to quit smoking, combining automated messages (study posts) and counselor-delivered intervention (The Dr. Is In Sessions). Many digital health tools only use one or two of these features, and combining all three strengthens the potential effect of our intervention. Additionally, we propose to use social media analytics to evaluate relationships among user activity, substance use profiles, and tobacco and alcohol outcomes from the intervention. Our combined Facebook and secure survey data will allow for an unprecedented examination of the relationship between communication patterns and health behavior, informing digital health tools across populations and health risk behaviors.
